The following report compares the results of aerobic and anaerobic cultivation for the primary isolation of Streptococcus pneumoniae (the pneumococcus) from the respiratory tract of children. Of 414 specimens of respiratory tract secretions cultured, 65 (15.7 %) yielded pneumococci; 31 (47-7.%) grew both aerobically and anaerobically, but 34 (52.3 %) strains were isolated only from the anaerobic culture.
SYNOPSIS
The following report compares the results of aerobic and anaerobic cultivation for the primary isolation of Streptococcus pneumoniae (the pneumococcus) from the respiratory tract of children. Of 414 specimens of respiratory tract secretions cultured, 65 (15.7 %) yielded pneumococci; 31 (47-7.%) grew both aerobically and anaerobically, but 34 (52.3 %) strains were isolated only from the anaerobic culture. Pneumococci cultured anaerobically with added carbon dioxide characteristically produce large mucoid colonies which are more easily distinguished than the 'normal' colonies commonly seen in the mixed flora isolated from respiratory sites. This advantage justifies the inclusion of anaerobic culture when attempting to isolate Str. pneumoniae from clinical material.
The routine procedure for the bacterial examination of respiratory tract swabs and secretions in this and many other clinical service laboratories rarely includes anaerobic culture. Recently, anaerobic cultivation has been improved by the use of a gas mixture of hydrogen and carbon dioxide instead of hydrogen alone, and by frequent control of the anaerobic jar's function (Collee et al, 1971; 1972) . Following the introduction of these improvements, we noticed that pneumococci were more commonly isolated than formerly from respiratory specimens on primary anaerobic culture. The isolation of anaerobic pneumococci has previously been noted (Bolognesi, 1907; Smith, 1936) , and, similarly, carbon dioxide has long been recognized as essential for the growth of a number of strains (Valley and Rettger, 1927; Auger, 1939; Fleming, 1941; Kempner and Schlayer, 1942) , but the routine use of anaerobiosis with increased carbon dioxide has not previously been investigated. In this laboratory anaerobic strains of pneumococci appeared to be more common than earlier papers suggested, and consequently a comparison of the relative merits of aerobic and anaerobic culture was made.
Material and Methods

SPECIMENS
Throat swabs, nasal swabs, and occasionally sputa from children admitted with suspected respiratory Received for publication 17 July 1975. infections were examined along with nasal swabs from an unselected group of children who were sampled for a variety of reasons not associated with respiratory tract infections. During normal laboratory hours, swabs were cultured as received, at varying time intervals after sampling. Outside these hours, swabs were immediately placed into Amies transport medium (Difco) (1972) . As recommended by Collee (personal communication) a culture of Pseudo-monas aeruginosa on Columbia nutrient agar, without blood, was included in each jar as a negative control of jar function.
Next morning all plates were removed, the control plate was checked, the tests were examined, and the results recorded independently by two experienced technicians, the aerobic plates being read by one and the anaerobic plate by the other.
The identity of suspected pneumococcal colonies was confirmed by microscopy, Gram's stain, and their sensitivity to ethyl hydrocuprein hydrochloride (Optochin) (Scientific Hospitals Supplies) at 37°C overnight. Initially, 'anaerobic' strains were tested against Optochin anaerobically but as minimal zones of lysis were produced, the presumptive identity of these strains was confirmed by their bile solubility (Lund, 1959) . Soon it was realized that the anaerobic strains grew well aerobically on first subculture and that zones around the Optochin discs on aerobic culture were the same as those of the 'aerobic' strains. Bile solubility for identification was therefore replaced by Optochin sensitivity aerobically; the earlier 'anaerobic' cultures were retested aerobically.
In a number of strains the effect of various August 1974) showed that before the survey pneumococci were isolated from 5 % of the specimens (267 strains) whereas after anaerobic culture was included in the routine procedure 8 2%0 gave positive results (435 strains).
Whereas these two groups include all respiratory specimens received, the survey was limited to those with a high expectation of pneumococcal isolation; R. Howden as such they illustrate the advantage of anaerobic culture with C02 as part of the routine examination of respiratory specimens.
The mechanism of the production of large mucoid pneumococcal colonies anaerobically is not clear but is probably a product of a number of events. These include the stimulation of DNA synthesis, the shortening of the lag phase of growth (Walker, 1932; Repaske et al, 1974) , and the inactivation of some of the toxic products either on the swab or present in the medium, but perhaps the most important is a reduction of the potency of the pneumococcal autolysin. Holt (1962) showed that autolysis of the pneumococcus resulted from the formation of hydrogen peroxide as a consequence of the organism's lack of a catalase system.
A reduction of hydrogen peroxide production on anaerobic growth with therefore little need for catalase only partly explains the results of this study. Catalase when added to aerobic cultures did not increase the size or alter the type of colony produced on blood agar plates but did act as a growth stimulator in the absence of blood. In one strain, C02 accentuated the effect of anaerobiosis in that incubation in hydrogen alone gave small colonies whereas, when C02 was included, the colonies produced were of the large mucoid type.
Routine anaerobic cultivation of respiratory specimens, particularly sputum, has been urged by some workers (Gorbach and Bartlett, 1974) because anaerobic Gram-negative bacteria may be more common respiratory pathogens than is generally recognized. The same may be true of the pneumococcus, but our first task is to devise methods to isolate all the organisms present and then to consider their significance and, if necessary, devise selective methods. 'Selection by default' which may be what we have been doing up to now is no help to anyone. Since the introduction of the improved culture method 'anaerobic' pneumococci have also been isolated on a number of occasions from cerebrospinal fluids, blood cultures, and eye swabs. The method has been especially useful in ensuring the growth of the small numbers of pneumococci which may survive in specimens from partially treated cases. The method may overcome the problem that only about half of the pneumococci seen in stained films of sputa grow on aerobic culture (Lepow et al, 1968; Fiala, 1969; Tugwell and Greenwood, 1975; Nicholls et al, 1975 
